Abstract The increasing prevalence of obesity in developed nations has far-reaching implications for medical toxicology. The management of obese patients is complicated by comorbid illnesses, changes in cardiovascular and respiratory physiology, alterations in pharmacokinetics, and a lack of studies to identify appropriate dosing for current therapeutics and antidotes. In this review article, we examine obesity-associated physiologic and pharmacokinetic changes that may increase the vulnerability of obese patients to overdose. Further research is needed to characterize the relationship between drug toxicity and obesity.
Introduction
In the past decade, the USA has seen record rates of obesity, with associated increases in diabetes, heart disease, and cerebrovascular disease [1, 2] . Historically, special populations have been described in medical toxicology, due to unique physiologic and pharmacokinetic considerations (e.g., pediatric, pregnant, and geriatric populations). We propose obese patients as another special population to be considered in medical toxicology. In this paper, we provide definitions of essential terminology related to obesity, describe known physiologic and pharmacokinetic alterations among obese populations, and identify areas for future research on the association between obesity and overdose. This review extrapolates from a variety of fields including pharmacology, psychiatry, gastroenterology, and bariatrics.
Methods
We conducted a literature search of MEDLINE. A combination of the following medical subject headings was used: Bobesity,B toxicology,^Bdrug overdose,^and Bpharmacology.^Refer-ence lists of retrieved articles were reviewed for additional studies not found by the above search method. Manuscripts were limited to the English language. No date range was set in the search engine, and articles were retrieved from 1916 through 2015. Articles were included in this review based on relevancy to the topics of obesity, toxicology, pharmacology, and drug overdose. Articles that did not add to the information within these topic headings were excluded.
Definitions
The World Health Organization and the National Institutes of Health define obesity as a BMI of equal to or greater than 30 kg/m 2 , while overweight adults have a BMI between 25.0 and 29.9 kg/m 2 (see Table 1 ) [4, 5] . As of 2012, 35 % of the American adult population is obese, with an additional 33 % classified as overweight [6] . Over the last five decades, the proportion of healthy weight (BMI 18.5-24.9) Americans has dropped, while the proportion of obese Americans has risen ( Fig. 1) [8] . There are currently more obese Americans than Americans of a healthy weight, and the proportion of obese Americans is projected to increase to 51 % by 2030 [9] . While the causes of this increase are many and controversial, there is a growing consensus that societal factors play a large role: increase in portion sizes, higher caloric density of foods, highcalorie beverages, and a drop in physical activity in work and leisure [10] [11] [12] [13] . Many of the risks to this population, however, are clear. Obesity has been associated with an increased risk of coronary artery disease, hypertension, impaired cardiac function, diabetes, hypercoagulability, cancer, hypoventilation, chronic pain, and sleep apnea syndromes [14] [15] [16] .
Overall, obesity increases risk of death; in a meta-analysis examining more than 2.8 million people, all grades of obesity were associated with an increase in all-cause mortality (hazard ratio 1.18, 95 % CI 1.12-1.25) [17] . At this time, estimates of morbidity and mortality related to drug overdose in obese patients are not available. Extrapolating from the current 35 % prevalence of obesity in the US adult population and recent reports of 16,651 drug-induced deaths in the USA annually, there may be approximately 5800 drug-induced deaths in obese patients in the USA per year [1, 18] . As both populations are heterogeneous, such an approximation is unlikely to be correct, but it serves as a starting place to indicate the scale of the problem and the potential for interactions. The authors believe that comorbid conditions as well as physiologic and pharmacologic changes in obese patients may place obese patients at greater risk of drug-related death.
Physiologic Changes in Obesity
Obesity is more than a biometric measure; obese patients have altered anatomy and physiology that affects their response to pharmacologic exposures (Table 2) . While providers might assume that a 100-kg man is equivalent to a 70-kg man with an additional 30 kg of adipose, this is incorrect. As a patient's weight increases, their body composition also changes (illustrated in Fig. 2) . A Bstandard^lean 70-kg man is composed primarily of lean mass with some adipose and blood. As this individual increases in size, lean mass and adipose increase, but adipose tissue increases disproportionately. Circulating blood volume also increases. The same man has a higher lean body weight and circulating blood volume at 100 kg (BMI 31.6) than at 70 kg (BMI 22.1). As discussed below, this is important because factors such as apparent volume of distribution and hepatic and renal clearance correlate with changes in body composition. Brief descriptions of the changes that occur are described in the following sections.
Cardiovascular
On average, increased adipose tissue and body mass lead to an increase in circulating blood volume and a compensatory increase in cardiac output at rest [20] . Obesity itself is associated Fig. 1 Prevalence of obesity and normal weight adults as percent of US population. Data from [6, 7] with cardiomyopathy, and obese patients with left ventricular hypertrophy may have an impaired ability to increase stroke volumes during times of stress, leading to a greater reliance on heart rate to improve cardiac output [21] . Many cardioactive medications, such as beta-blockers and calcium channel blockers, may blunt such a compensatory increase.
Obese patients have higher baseline heart rates and decreased tolerance for orthostatic states, necessitating higher rises in heart rate [22] . Hypertension occurs six times more often in obese patients than lean men and women [23] . One of the purported mechanisms for this is underlying endothelial dysfunction, with decreased nitric oxide production [24] . Obese patients with long-standing hypertension may not tolerate acute episodes of hypotension, leading to cerebral hypoperfusion, resulting in visual changes and stroke [25, 26] .
Respiratory
The effects of obesity on respiratory function are well characterized. The anatomic and physiologic changes that occur in obesity impair the respiratory system at every level, including compliance, reserve capacity, airway resistance, ventilatory drive, and work of breathing [27] . Obese patients are at increased risk for obstructive sleep apnea [27] . Central nervous system and respiratory depressants (such as opioids, benzodiazepines, and alcohol) may accentuate sleep-disordered breathing, resulting in hypoxemia and hypercarbia [28, 29] . For this reason, such agents should be avoided by patients with sleep apnea. Obese patients may also suffer from obesity hypoventilation syndrome, which results in daytime hypoxemia and a blunted respiratory response to acidemia [30] . There are conflicting reports on the mechanism of these effects that often fail to differentiate between central and anatomic contributions.
Opioids are at the center of the current epidemic of drug overdose deaths [8] . Although the number of opioid overdose deaths in obese patients is not known, opioids may worsen the already impaired respiratory physiology in obese patients. Opioids can produce a measurable, dose-dependent decline in all phases of respiration. Accordingly, both obesity and sleep-disordered breathing are implicated as risk factors for opioid overdose [31] .
Gastrointestinal
Though not often emphasized, obese patients can have alterations in gastrointestinal functioning. Obese patients present an increased risk of aspiration due to increased incidence of hiatal hernia, increased intra-abdominal pressure, and decreased lower esophageal sphincter tone [32] . There is no [19] . LBW* LBW calculated by Janmahasatians formulae minus blood weight to give a blood-free LBW consensus over changes in gastric emptying time among obese patients. Some authors have identified faster gastric emptying time among the obese, mainly with solid foods, which could reduce the effectiveness of decontamination [33] [34] [35] . However, in other studies, obese patients were found to have delayed gastric emptying time [36, 37] . Studies of intestinal transit time are limited but suggest an enhanced upper intestinal motility and a delayed distal small intestine and colonic motility [32] . Obesity is the most significant risk factor for the development of hepatic steatosis [38, 39] . Differential expression of metabolic and transporter enzymes have been described in patients with hepatic steatosis [40] .
Psychiatric
Obesity has a bidirectional and reinforcing relationship with mood disorders. The Nurses' Health Study, one of the largest longitudinal studies of its kind, demonstrated that obese women are more likely to be depressed when followed up several years later [41] . An even greater risk is found between depression and subsequent development of obesity. This does not demonstrate that obesity causes depression; however, the societal stigma and comorbidities associated with obesity can create psychosocial stress in at-risk persons, conceivably leading to the development or unmasking of depression [42] .
Conversely, dysregulation of the hypothalamic-pituitary axis, found in depressed patients, may result in general anhedonia and unhealthy focus on reward-seeking behaviors such as binge eating and drug addiction [43, 44] . Positron emission tomography studies demonstrate altered dopamine receptor expression in the brains of obese patients and drug-addicted patients [45, 46] . This reward motivation for overeating may lead to obesity. As similar dopamine-mediated reward mechanisms lead to substance abuse and binge eating, patients with obesity may be at a higher risk of substance abuse. Surprisingly, current research does not support this theory and suggests that higher BMI may be associated with a lower incidence of substance abuse [47, 48] . Current explanations include competition for the same reward pathways.
Pain
Obesity has been associated with chronic non-cancer pain, specifically knee, hip, back, and overall body pain [49] . While this may be explained by increased pain and osteoarthritis in weight-bearing joints or peripheral neuropathy due to comorbid diabetes, reports of other types of pain including headache, oral pain, arm pain, stomach pain, and whole body pain also increase in obesity. This suggests a complex relationship that goes beyond arthritis and may be mediated by central pain pathways. The effect is robust and proportional, with the incidence of pain related complaints increasing as BMI increases. Obese patients receive 1.8 times as many defined daily doses of non-steroidal anti-inflammatory pain medications as age and sex matched normal weight controls [50] . This trend is also concerning as the use of opioid pain medications for chronic pain, especially at higher doses, has been associated with overdose and death [51, 52] . While plausible, an association between opioid use in obese patients and risk of overdose has not been demonstrated.
Pharmacokinetic Changes in Obesity Dosing Scalars
Changes in body composition and physiology have important implications for dosing medications. Dosing calculations in obese patients can be made via several metrics, including total body weight (TBW), body surface area (BSA), ideal body weight (IBW), and lean body weight (LBW) ( Table 3) .
There is a lack of consensus on dose adjustments for specific drugs in obese patients, as this population is excluded from most clinical trials [53, 54] . This deficiency in research trials has led some to advocate a research agenda that Brecognizes obese patients as a separate entity with characteristics that differ from the rest of the population^and Bspecial dosing instructions in drug labels for all classes of obesity^ [55] .
TBW is commonly used in pediatrics and is convenient for adult dosing, but it fails to account for changes in body composition that occur with increasing body mass. Total body weight is perhaps the most commonly employed metric, and it is easily measured using a scale. However, the use of TBW can lead to gross errors, such as overdosing.
Historically, agents with a narrow therapeutic index, such as chemotherapeutics, have been dosed according to BSA. BSA is used as a proxy for drug clearance, and the purpose of BSA-based dosing is to decrease toxicity while maintaining chemotherapeutic efficacy [56, 57] . The relationship between BSA and drug clearance is not universally reliable or accurate, though, and there is concern that BSA-based dosing may lead to toxicity in obese patients with BSA greater than 2.2 m 2 . A maximum BSA of 2.2 m 2 is often used for dosing, effectively under dosing tall and obese patients [58, 59] .
There is concern that dosing by TBW and BSA may lead to toxicity. Rather than an arbitrary maximum dose, some have argued for dosing drugs with weak liphophilicity (e.g., lithium and vecuronium) according to IBW [60] . IBW can be derived from empiric tables based on patient height or calculated via Devine's estimation IBW=(45.4+0.89×(height (cm)−152.4)+ 4.5 [if male]) [61] . The IBW is the metric used in the United States Food and Drug Administration approval process. However, the IBW makes assumptions that patients of the same sex and height have the same lean body mass (LBM).
The LBW is conceptually easiest to understand, as it attempts to subtract fat mass from total body weight to measure the non-adipose component of weight [62] . The traditional equations for LBW derived by James tend to lose validity at extremes of body size, paradoxically predicting lower LBW as BMI increases [1] . For this reason, Janmahasatian's formulae have largely supplanted them for calculating LBW in obese patients [63] .
Numerous reviews have explored changes in pharmacokinetics for commonly administered anesthetics and recommend body scalars to use for obese patients [19, 55, [59] [60] [61] [64] [65] [66] [67] [68] [69] [70] . What follows is an attempt to summarize these changes in absorption, distribution, and elimination.
Absorption
Oral absorption is not significantly altered in obesity; however, parenteral absorption can be affected [71] . Canine studies have demonstrated that obesity is associated with a decreased diffusion of insulin into the interstitial space and decreased enhancement of skeletal muscle glucose uptake [72] . Human studies have demonstrated increasing subcutaneous tissue thickness as well as higher BMI is associated with delayed absorption of subcutaneous injection of insulin [73, 74] . Additionally, the increased subcutaneous fat associated with obesity may lead to inadvertent subcutaneous injection of medications intended to be administered intramuscularly, altering pharmacokinetics [75] . Similarly, decreased absorption of subcutaneously injected enoxaparin has been associated with decreased systemic absorption and effect [76] .
Obesity is a common indication for bariatric surgery, and anatomic alterations that occur with such surgery can affect oral absorption. This is especially important given the 13-fold increase in bariatric surgeries from 1993 to 2006 [77] . Gastric bypass typically facilitates weight loss through both restriction and malabsorption. Decreased gastric mixing, diminished mucosal absorption, and alterations in pH can impair drug absorption. It is believed that absorption is likely to be affected for those drugs which require a more acidic environment (for absorption, uncoating, or activation) and drugs that rely on intestinal transporters located in the duodenum [78] . Additionally, after sleeve gastrectomy, emptying of both liquids and solids is accelerated [79] . Evidence of diminished absorption following gastric bypass has been identified in multiple case reports for cyclosporine, tacrolimus, thyroxine, phenytoin, and rifampin [80] . At the very least, when treating patients who have undergone bariatric surgery, care must be taken to understand possible variations in drug absorption.
Distribution
The apparent volume of distribution (V d ) of a drug is a composite of distribution to various body compartments (and thus body composition), regional blood flow, and binding to plasma proteins [60] . While distribution occurs between various tissue compartments, the complex equilibration constants, which describe the rate of this change and the concentration at equilibrium, are often modeled using two compartments. This simplification makes assumptions about the volumes of body tissues as well as rates of drug exchange within them.
Variations in body composition and blood flow, that occur in obese patients, may lead to inaccurate pharmacokinetic modeling. The effect on V d can vary depending on particular drug characteristics such as hydrophilicity and protein binding. Hydrophilic drugs, such as lithium, remain in circulation and have slower distribution to tissues resulting in a low volume of distribution (V d 0.7-1.4 L/kg) [81] . Dosing such drugs according to TBW may lead to higher peak serum levels and increased toxicity in obese patients [82] . Lipophilic drugs, such as chloroquine, may partition into adipose tissues [81] . Obesity can affect V d and, thus, initial dosing. This is due to distribution of the drug in the adipose compartment as well as blood supply to various body tissues. A drug's affinity for lipophilic body compartments such as the brain and fat is modeled using the octanol-water partition coefficient (represented as logP). Charged, hydrophilic xenobiotics (such as lithium) predominate in the water portion, while lipophilic, uncharged xenobiotics (such as propofol) predominate in octanol. How does this relate to distribution in obese patients? Lithium, with a low volume of distribution and logP of −0.42, is largely intravascular and is not significantly affected by changes in adipose tissue. Studies looking at lithium in obese and non-obese patients have demonstrated that the volume of distribution correlates significantly with IBW not TBW [15] .
Lipophilic molecules such as anesthetics and analgesics would be expected to have more deposition in adipose compartments and be affected by increased TBW. Such is the case in sufentanil, where V d correlates well with TBW rather than LBW [83] . However, this finding cannot be generalized to all lipophilic anesthetics. The volume of distribution of remifentanil does not correlate with TBW and is usually dosed according to IBW [84] . This may be related to remifentanil's unique ester-linkages which allow for rapid metabolism by plasma and tissue esterase, limiting adipose redistribution.
Distribution to adipose tissue may explain the delayed time of onset for cisatracurium in obese patients dosed according to IBW [85] . As previously mentioned, ideal body weight does not account for increased adiposity in obesity and may lead to underdosing. Dosing cisatracurium based on TBW overcomes this limitation, resulting in similar time of onset in obese and non-obese patients. Conversely, time to onset of rocuronium was similar in obese and non-obese patients, but the duration of action was prolonged when dosing was based on TBW [86] . This finding may be related to the higher lipophilicity of cisatracurium (logP 0.5) vs rocuronium (logP −2.12).
In comparison to other body tissues, adipose tissue is a metabolically inactive third space allowing for deposition of drug without elimination. Over time, as drug levels in other body compartments drop, drug redistribution from peripheral to central compartments may prolong clinical effects. This may explain why both cisatracurium and rocuronium have significantly longer durations of effect in obese patients dosed according to TBW [85, 86] .
An analysis of pharmacokinetic data from adult patients being treated with chemotherapeutic agents found that obesity greatly affects distribution for specific agents [87] . The V d in obese and non-obese individuals did not vary significantly in the case of doxorubicin, topotecan, irinotecan, carboplatin, or paclitaxel; however, there was a significant increase in V d in cisplatin and docetaxel in obese patients. Similarly, while TBW is recommended for dosing of vancomycin, the V d of ciprofloxacin varies inversely with BMI [88] . Thus, it appears that ciprofloxacin distributes less in adipose tissue than in other tissues. For this reason, ciprofloxacin dosing in obese patients is based on factoring in IBW and a portion of excess body weight (TBW−IBW) [88] .
Obese patients may have alterations that affect the V d and drug concentration within target organ systems. Obese patients generally have smaller CSF volumes due to elevated abdominal pressure, requiring less local anesthetic to achieve spinal anesthesia [55, 89, 90] . This may have clinical significance for drugs that distribute in this space either by direct injection or distribution from plasma.
Metabolism
Changes in drug metabolism in obese patients are affected by a relatively higher proportion of drug in metabolically inactive adipose tissue, as well as variations in enzymatic activity. Obesity is associated with increased rates of hepatic steatosis which may alter drug metabolism [40] .
A variety of enzymatic levels and activities are altered in obese patients. Table 4 summarizes some of these changes. It is important to remember that individuals may have enzymatic variability due to genetic, environmental, and demographic factors other than obesity; metabolic studies look at the obese patient population as a group. The clinical relevance of these changes is unclear; however, upregulation of CYP2E1 in alcoholics has been linked to increased acetaminophen-and isoniazid-induced hepatotoxicity [99, 100] .
Elimination
The primary organs of elimination, the liver and kidneys, rely on the circulatory system for xenobiotic delivery. Much of the liver's contribution to elimination of xenobiotics is via enzyme-mediated metabolism, as discussed in the previous section. Therefore, this section focuses on the non-enzymatic renal elimination and excretion of xenobiotics. Obese patients have higher cardiac output and GFR, generally leading to increased renal clearance of both toxins and antidotes [101, 102] . Conversely, long-standing obesity has been associated with renal dysfunction and heart failure, leading to decreased GFR and renal clearance [103] [104] [105] . Specifically, obesity has been associated with focal and segmental glomerulosclerosis and a progression towards renal failure independent of the presence or absence of other risk factors, such as diabetes and hypertension [106, 107] .
Additionally, the increased volume of distribution in obese patients, discussed previously, can lead to changes in elimination. Drugs with higher volumes of distribution will have lower serum concentrations and, thus, slower elimination rates, independent of changes in hepatic and renal function [108] .
Creatinine clearance is a commonly used surrogate for renal function, and numerous methods exist for direct measurement as well as calculated estimates based on age, height, and weight. The Cockcroft-Gault equation for estimating creatinine clearance is notably less accurate in obese patients, overestimating clearance by almost 40 % [109, 110] . This is likely because the increases in GFR relate to renal blood flow and are not directly proportional to TBW. Adjustments to Cockcroft-Gault using fat-free body weight or ideal body weight have been proposed and give creatinine clearances that better model measured values [109, 111] . As ideal body weight is solely based on height, it ignores the increased clearance associated with higher circulating blood volumes in obese patients. Winters-modified formula, which adds 40 % of actual body weight to ideal body weight (ABW 0.4 ), has been shown to provide the most accurate modeling of creatinine clearance in obese patients with the least amount of bias [111] .
Numerous studies have attempted to evaluate the effect of body size on clearance of particular drugs [54, 92, 101, 112] . Usually, these studies were focused on drugs with a narrow therapeutic index where serum levels are routinely monitored to allow for convenient pharmacokinetic calculations. This has created a skewed data set as immunology and oncology medications make up a third of a recent meta-analysis of such studies, while representing a minority of drugs on the market [113] . In contrast, analgesic medications, which make up a large portion of prescribed medications, make up less than 5 % of the studies.
Changes in clearance due to GFR can be studied by looking at clearance of drugs that are excreted largely unchanged in the urine. These drugs include vancomycin, daptomycin, carboplatin, low-molecular-weight heparins, and cimetidine; their clearance correlates with creatinine clearance [92] . Clearance of vancomycin increased from 77 mL/min in non-obese patients to 197 mL/min in obese patients; this discrepancy appeared to be directly correlated with total body weight (1.13 vs 1.19 mL/min/kg, respectively) [114] . Studies of daptomycin have found conflicting effects of obesity on drug clearance; however, this may be due to the relatively small (n=7-12) and heterogeneous study groups [115, 116] . Studies of low molecular weight heparins (enoxaparin & dalteparin) demonstrate increased renal clearance [117, 118] ; however, numerous studies do not report drug clearance, instead focusing on factor Xa levels in obese patients [119] . Studies of cimetidine, similar to studies of daptomycin, are small (n= 12-13) and conflicting about the effect of obesity on renal drug clearance [120, 121] .
To summarize, obese patients may have markedly altered pharmacokinetics of commonly prescribed drugs; however, this relationship varies within and between drug classes. The changes discussed should provide a framework for understanding the many ways in which drug absorption, distribution, and elimination are altered in obese patients. Medical comorbidities and weight loss surgeries further complicate things. After reviewing 458 studies, McLeay et al. concluded that drug clearance increases along with total body weight, but this increase is not linear [113] .
Implications for Toxicology Alterations in Decontamination
We were unable to find any studies of gastrointestinal decontamination focusing on obese patients. Literature to support the use of activated charcoal in acute overdose comes from healthy volunteer studies [122] . These studies usually report [92] No significant change CYP2C9 [92, 95] Increased rate of clearance, no change when normalized by TBW Increased clearance of ibuprofen and phenytoin UGT [92, 96, 97] Increased glucuronidation Increased glucuronidation of acetaminophen, oxazepam, lorazepam Pseudocholinesterase [98] Increased levels Increased clearance of succinylcholine demographic information including weight but not height, which makes calculating BMI impossible. In one such study, charcoal and acetaminophen were administered to ten healthy volunteers with an average weight of 76 kg (range, 66 to 86 kg) [123] . The efficacy of charcoal decontamination varies by agent, patient, and time since exposure, with unknown implications for obese patients.
The increased risk of aspiration in obese patients (as a result of relaxed esophageal sphincter and increased intra-abdominal pressure) may increase risk of charcoal aspiration [32] .
Multidose activated charcoal (MDAC) has been recommended following ingestion of carbamazepine, dapsone, phenobarbital, quinine, and theophylline [124] . The rationale for MDAC following overdose involves decreasing serum drug levels by reducing the enteroenteric and enterohepatic circulation of xenobiotics. Recommendations for MDAC are based on healthy volunteer studies, which suffer the same limitations as those for single-dose charcoal. The effect of obesity on enteroenteric and enterohepatic transit has not been reported; however, patients who have undergone bariatric surgerywhich is known to disrupt the enterohepatic circulation of bile acids-may have similarly impaired enterohepatic circulation of drugs [125] . It is unclear if such disruption is clinically relevant.
Prior bariatric surgery should be considered a contraindication to gastric lavage. In addition to a lack of data to support its use, there is reason to believe that the reduced gastric volume in addition to the presence of anastomotic sites would lead to an increased risk of perforation. One such case involved a woman who underwent gastric lavage and charcoal decontamination 8 weeks following Roux-en-Y gastric bypass [126] . This led to disruption of the post-operative gastric pouch, spilling of charcoal into the peritoneum, and peritonitis requiring laparotomy and wash-out. Even distant history of Roux-en-Y gastric bypass has been associated with gastric perforations and peritonitis; however, these do not appear to be frequent [127] . Anecdotally, patients are often told to avoid nasogastric tubes in the immediate period following bariatric surgery; however, this does not appear to be an official recommendation from bodies such as the American College of Surgeons.
Commonly Used Antidotes
Drug monographs for FDA-approved antidotes commonly used in overdose (e.g., naloxone, flumazenil, digoxin immune fab, deferoxamine) do not usually address dose adjustments in obese patients [117, 118, 120, 121] . Safety and efficacy studies generally recruit healthy volunteers and exclude patients in special populations (e.g., children, elderly, pregnant women). Thus, the clinical relevance of these findings for the treatment of obese patients is unclear. Dosing based on TBW, such as in N-acetylcysteine administration, results in higher doses in obese patients. The first reported fatality following administration of intravenous N-acetylcysteine administration was in 2002 in an obese woman with asthma [128] . An FDA review makes note of this and indicates a risk of anaphylactoid reactions in patients with allergies and asthma, but does not comment on whether the higher total dose administered contributed to toxicity [129] . Table 5 lists common weight-based antidotes and recommended dosing in obese patients, when available.
Prognosis
While there are many factors that affect prognosis, obesity has been associated with longer hospital length of stay, longer ICU length of stay, and longer time on mechanical ventilation [133, 134] . There are conflicting data about the association of obesity with in-hospital mortality, although several studies do find an association between mortality and obesity in ICU patients [133, 135] . Mortality rates increased by approximately two-fold in the obese study groups in comparison to ideal body weight groups. It has been suggested that improved nutritional reserve, specialized care of obese patients, and adipose-related hormonal changes may mitigate hospitalassociated complications, resulting in lower than predicted mortality [134, 136] . 
Conclusions
Obese patients represent a special population in medical toxicology. They may have alterations in physiology and mental health risk factors (such as mood disorder) that increase their risk of drug overdose, as well as affecting their prognosis following overdose. Alterations in physiology and comorbidities may increase the risk of cardiovascular and respiratory complications, as well as utilization of critical care and antidotal therapies. All of these factors suggest a poorer prognosis for toxicology patients with obesity. Medical toxicologists must utilize and produce evidence-based literature that guides the management of patients with obesity. Further research is needed to explore the complex relationship between the overlapping obesity and drug overdose epidemics that are threatening the public health.
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